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126
Data on the prevalence of Campylobacter spp. in poultry 127 based meat preparations were derived from the National Number of Campylobacter in a raw chicken meat preparation of 100g cfu/ 100 g exp(C rcmp ) × 100 P rcmp Prevalence of Campylobacter in raw chicken meat preparations -Fixed value depending on the distribution of C rcmp P rcmp = (A + 0.1 × B + 0.01 × C) / 100 A = percentage that contains 1 or more cfu per 100 g B = percentage of CMP that contains between 1 cfu/100 g and 1 cfu/1000 g C = percentage of CMP that contains between 1 cfu/1000 g and 1 cfu/10 000 g t1:10
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The percentage of contaminated CMP that contains less than 1 cfu/10 000 g was neglected t1:11 Consumer handling: undercooking Occurrence of cross-contamination 0 = no cross-contamination 1 = cross-contamination -RiskBinomial (1;P cross )
When this binomial distribution generates a 0, no cross-contamination occurs, whereas 1 indicates that cross-contamination occurred. t1:20
Prop tms Log 10 of the Proportion of transferred cells from meat to surface -RiskPert (−6;− 2;− 1)
The log 10 of the proportion of transferred cells from a meat product to a surface was represented by a Pert distribution with a minimum of − 6, a mode of − 2 and a maximum of − program. An overview of the QRAM is shown in Fig. 2 The percentage of contaminated CMP that contains less than 218 1 cfu/10 000 g was neglected. The values for A, B and C can be 219 derived from Table 3 . This table gives the percentage of the 220 population of CMP that exceeds different Campylobacter 221 contamination levels (from 10 − 8 until 10 6 cfu/g). Based on 222 Table 3 
291 product are transferred, only the cells that are present in the outer 292 layer can be transferred. Based on calculations of the outer contact 293 side of a hamburger and a sausage, it was assumed that only 294 campylobacters in the 15 g outer contact side of a 100 g CMP can 295 give rise to transmission of the pathogen. In a subsequent step, the 296 number of cells that are transferred from the meat to the surface is 297 calculated by the multiplication of the number of cells in the outer 298 layer and the fraction that is transferred. After cooking, a transfer 299 will occur again from the surface to the meat product. This transfer 300 is calculated in the same way as the transfer from the meat to the 301 surface. The number of Campylobacter spp. in a cooked chicken 302 meat preparation due to cross-contamination is then equal to 0 303 when no cross-contamination occurs, or is equal to the number of 304 cells that are transferred from the surface to the meat when cross-305 contamination occurs. The probability of Campylobacter spp. in a 306 cooked chicken meat preparation due to cross-contamination, 307 equals the prevalence of Campylobacter spp. in raw chicken meat 308 preparations multiplied by the prevalence of cross-contamination. Finally the chicken meat preparations will be consumed. It 311 was assumed that each consumer eats a portion of 100 g. The 312 number of campylobacters that are consumed is then equal to 313 the sum of the number of Campylobacter spp. in a cooked 314 chicken meat preparation (N cons ) due to undercooking and 315 cross-contamination. The probability of exposure (P cons The percentage of the population with a concentration above a certain contamination level for the different tested situations t3:2 *situation 1 (the original situation in Belgium). t3:3 **For the particular situation less than 1% of the population is higher than the microbiological limit. t3:4 
378
To calculate the probability of infection and illness, the same 379 approach was used as in module 4a. 380 2.3.4.3. Module 4c: approach 3. A third approach was used, 381 since the dose-response models that are used in the first two 382 approaches are based on limited data. In this approach, (which 383 was described by Oscar, 2004) , an estimation of the infective 384 dose was used. Secondly, the ratio of the ingested dose and the 385 infective dose was calculated. When this ratio is higher than or 386 equal to 1, infection will occur. The probability of illness given 387 infection was again determined using the beta distribution 388 (approach 1). The occurrence of illness given infection was 389 represented by a binomial distribution in order to determine 390 whether illness will occur or not. Since, this study was conducted in order to set a micro-395 biological limit for Campylobacter spp. in poultry based meat 396 preparations, the relative influence of lowering the contamina-397 tion levels on the exposure and probability of infection and 398 illness was estimated. For this, it was assumed that less than 1% 
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438 meat preparation of 100 g (N rcmp = N cons ). To assess the effect of 439 the number of iterations on the simulated exposure and 440 probability of infection, 10 4 iterations were conducted instead 441 of the standard 10 6 iterations in the protocol. Both for raw 442 consumption of the food product and the reduced number of 443 iterations, the effect on the outcome of the model for the 444 different situations mentioned in Tables 2 and 3 was explored.
445
To run the simulations, Latin Hypercube sampling was used 446 and the random generator seed was fixed at 1. This fixed value 447 was used since, providing the model is not changed, the same 448 simulation results can be exactly repeated. More importantly, 449 one or more distributions can be changed within the model and 450 a second simulation can be run to look if these changes have an 451 effect on the model's output. It is then certain that any observed 452 change in the result is due to changes in the model and not a 453 result of the randomness of the sampling (Vose, 2000). In a 454 standard protocol 10 6 iterations were carried out. 455 
Results
456
To determine the effect of lowering the amount of Campy-457 lobacter spp. present in raw CMP, different situations were 458 simulated. Situation 1 is the original situation in Belgium 459 (Fig. 1) . In order to analyse the influence of reducing the high 460 levels of Campylobacter spp. without affecting the mean 461 concentration, situations 2 to 7 (Tables 2 and 3) and 10 were included in the study. The mean C rcmp was the 473 same as for situation 8, but the standard deviation was lower.
474
Simulation of the exposure showed that for the maximum 475 exposure (100% percentile) the effect of reducing the standard 476 deviation is bigger than lowering the mean value, since situation 477 2 has a maximum exposure that is 120 times smaller than 478 situation 1, while for situation 8 this is only 10 times (Table 4a) .
479
The same effect was observed for the mean and to a lesser extent for the maximum and mean exposure is compared to the 95% 489 percentile, it can be observed that the effect is higher for the 490 maximum and mean (Table 4a ). This can be explained, since the spp. in CMP is high (e.g. +965 for situation 1), the effect of the (raw) Indicates raw consumption of the product (no effect of cross-contamination or cooking included in the model).
t6:16
a Situation 1 is the original situation in Belgium with regard to the distribution of the Campylobacter contamination level (19.68% > 1 cfu/g; 12.44% > 10 cfu/g; 7.28 > 100 cfu/g; 5% > 1000 cfu/g). t6:17 b (sit 1 × 718) indicates that the exposure is 718 times higher for sit 1 (raw) than for sit 1. t6:18 496 high exposures on the mean is also big. A distribution with a 497 positive skewness (also called right skewed) has a longer tail to 498 the right. The higher the skewness, the longer the tail to the right 499 and the bigger the effect of the high exposures on the mean. As a 500 result, the effect of narrowing the distribution for C rcmp is higher 501 for the maximum (the maximum exposure in situation 1 is 10 12 502 times higher than in situation 7) and the mean exposure (the 503 mean exposure in situation 1 is 10 10 times higher than in 504 situation 7), than for the 95% percentile (the exposure for the 505 95% percentile in situation 1 is 10 2 times higher than in 506 situation 7). Therefore, reducing the standard deviation of the 507 natural logarithm of the concentration of Campylobacter in raw 508 CMP can contribute to a better food safety policy, because the 509 highest exposures cause a problem for food safety.
510
When the chicken based meat preparation is eaten raw the 511 maximum and mean exposure is about 100 times higher than for 512 the heated product (Table 4b ). However, the influence of eating 513 products raw is the highest for the 50% (data not shown) and 514 95% percentile (Table 4b ). This may be a consequence of the 515 fact that the high intakes (which are represented by the 516 maximum) occur when consumers mishandle and undercook 517 food. For these consumers, the effect will be rather limited when 518 raw products are consumed. However, the effect will be larger 519 when consumers that follow the rules for good food hygiene 520 (which are represented by the 50% and 95% percentile), eat the 521 product raw.
522
Simulation of only 10 4 iterations resulted in a lower 523 maximum (3.08E+ 09 for situation 1)and mean exposure 524 (4.00E+ 05 for situation 1) in comparison to 10 6 iterations 525 (Table 4a ). However, for the 50 and 95% percentile this effect is 526 much smaller. When less iterations are carried out, the chance to 527 pick a high value is lower, which results in lower maximum and 528 mean exposures.
529
Besides the exposure other outputs were also simulated. The 530 probability of infection and illness was simulated in 3 different 531 ways as explained in Materials and methods. The results of 532 approach 1 are not shown, since these results are comparable to 533 approach 2.
534
The maximum probability of infection is below 1 for the 535 second approach (Table 5) . As a consequence, nobody in the 536 population is 100% certain that he or she will be infected. For 537 situation 1 the maximum probability of infection is 0.36, which 538 means that the person in the population with the highest risk to 
554
In approach 1 and 2 a dose-response model was used to 555 estimate the probability of infection and illness. Refering to Eqs.
556
(2) and (3) it is clear that this probability can maximally reach 1.
557
In the third approach no dose-response model was used but the 558 ratio of the ingested dose and the infective dose was simulated.
559
In the present approach, infection will occur when this ratio is 560 higher than or equal to 1. Simulation showed that the maximum 561 ratio was higher than 1 for situation 1, 2, 3, 4, 8, 9 and 10 and 562 Table 5 shows the percentage infected for every situation tested.
563
It was also noted that the reduction of the standard deviation 
570
Simulation of the ratio of the ingested dose and the infective 571 dose, when illness will occur showed that the maximum ratio This study presents the results of a preliminary exposure 584 assessment on Campylobacter spp. in poultry based meat 585 preparations combined with various approaches of dose-586 response modelling in order to analyse the relative impact in 587 reducing the risk for campylobacteriosis associated with a 588 decrease in the Campylobacter contamination level in these 589 types of food products. The output of various situations with 590 different distributions of Campylobacter concentrations, all 591 relating to the present situation derived from semi-quantitative 592 data from the Belgian national Campylobacter surveillance 593 program, was evaluated. It was not the objective to determine 594 the exposure and probability of illness of the Belgian population 595 in absolute numbers. as an input to quantitative risk assessment to evaluate achieve-764 ment of public health goals.
765
In order to quantify (in a relative manner) the impact of setting 10-fold reduction of the limit from situation 5 (10/g) to situation 6
780
(1/g) than they do from situation 4 (100/g) to situation 5 (10/g).
781
The third approach needs a different type of interpretation. It 
788
In situation 5 and 6, the percentage is zero, which can be inter-789 preted as that nobody in the population will be infected. However, (Table 5) . However,
802
in case of the elimination of higher contamination levels (e.g. 
